Urea formation during postnatal development
The daily urinary excretion of urea is an index of total amino acid deamination, and this has been shown to be relatively low in the suckling period and to rise to adult values at weaning (Illnerova. 1965) . This pattern agrees well with that for body urea production measured in vivo by using [I4Clurea (Snell, 1975 (Snell, , 1981 . Hepatic ureogenesis in the perfused livers of developing rats, with alanine as the exogenous amino nitrogen source. was low in the suckling rat and increased to adult values at weaning (Snell, 1975 (Snell, , 1981 . The pattern of urea formation may be accounted for by the changing activities of hepatic ureogenic enzymes during postnatal development Snell, 1975 Snell, , 1981 . In the alanine-perfused liver, and perhaps in oivo, urea biosynthesis may also be limited by the rate of ammoniagenesis, the availability of ornithine and other factors known to regulate urea-cycle activity. Ammoniagenesis is probably not rate-limiting, since glutamate dehydrogenase and aspartate aminotransferase (which provide the two routes of entry of nitrogen into the urea cycle) are present at or above adult activities during the suckling period (Herzfeld et al., 1973; Herzfeld & Greengard, 197 1) . In alanine-perfused livers, ammonia production in the suckling rat is equivalent to urea production, whereas in the adult it is less than 10% of urea production (Snell, 1981) . It is noteworthy that fatty acids inhibit urea synthesis in the adult rat (Derr & Zieve, 1976) and, in view of the high plasma and liver fatty acid concentrations in the suckling rat, this may in part account for the high rate of ammonia formation at this age. A diversion of amino nitrogen away from urea formation towards ammonia formation may be significant for body nitrogen conservation, since ammonia, unlike urea, is potentially reutilizable. One possible fate of ammonia is that, after condensation with CO, to form carbamoyl phosphate, the carbamoyl phosphate may be used in pyrimidine nucleotide biosynthesis for increased RNA and DNA synthesis in the early postnatal period. The diversion of mitochondrial carbamoyl phosphate (produced by carbamoyl phosphate synthetase I) for cytoplasmic pyrimidine synthesis in the presence of excess hepatic NH, has been observed in adult and neonatal rats (see Snell, 1981) . One factor controlling the entry of mitochondria1 carbamoyl phosphate into the urea cycle is the availability of ornithine. In this respect the utilization of ornithine for polyamine biosynthesis may restrict its availability for the urea cycle. An increase in polyamine synthesis in early postnatal life is consistent with changes in hepatic S-adenosylmethionine and the appropriate enzymes at this time (Snell, 1981) . Polyamines are implicated in the control of RNA and DNA synthesis.
Amino acid metabolism and gluconeogenesis
Apart from protein synthesis and the biosynthesis of nucleotides and other nitrogenous products, the other major fate of amino acids is in gluconeogenesis, a process critical to the suckling rat, owing to the inadequacy of dietary carbohydrate in milk to supply the known glucose requirements (see Snell, 198 I) . Considerable evidence has shown that gluconeogenic enzymes and the formation of glucose from labelled or unlabelled lactate in vivo and in vitro are elevated in the suckling rat compared with the adult Snell, 1975 Snell, , 1981 . On the other hand, although increased incorporation of radioactivity into glucose from ''C-labelled amino acids has been observed in vitro and in vivo in the suckling rat, the net synthesis of glucose from most amino acids is not increased above adult values (see Snell, 1981) . Alanine is the most significant amino acid precursor for gluconeogenesis in the adult (Snell, Vol. 9 The high rate of fatty acid oxidation causes an increased NADH/NAD+ ratio, displacing the glutamate dehydrogenase reaction towards glutamate formation, which in turn will displace the mitochondrial alanine aminotransferase reaction towards pyruvate amination. (Alanine aminotransferase activity is about 50% mitochondrial in the suckling rat, cf. 10% in the adult: Snell & Walker, 1972.) 1980), but, despite its greater hepatic uptake by suckling rats, glucose formation accounts for only 33% of alanine utilization by the 10-day-old rat as compared with 54% in the adult (Snell, 1975 (Snell, , 1981 . It is noteworthy that cyclic AMP (which is increased in suckling-rat liver) inhibits hepatic protein synthesis in vitro after weaning, but not in the suckling rat (Klaipongpan et al., 1977) . This would prevent a diversion of amino acids from protein synthesis to gluconeogenesis in the suckling rat. In this connection, in contrast with the stimulation of gluconeogenesis from alanine in the perfused liver of the adult rat by glucagon (or cyclic AMP), the suckling rat is insensitive to glucagon stimulation (Snell, 198 1) .
Evidence in viuo also points to a limited involvement of alanine in gluconeogenesis in the suckling rat. Mercaptopicolinate, a potent inhibitor of hepatic gluconeogenesis, causes hypoglycaemia and an accumulation of the glucogenic precursors lactate and alanine in the adult rat. However, in the suckling rat inhibition of gluconeogenesis produces hypoglycaemia and an accumulation of lactate but not alanine (Snell, 1981) . Similarly, inhibitors of hepatic alanine aminotransferase (cycloserine or amino-oxyacetate) have no effects in vivo on plasma glucose or alanine concentrations in the suckling rat, in contrast with the effects in the adult (Snell, 1981) . Alanine , aminotransferase initiates gluconeogenesis from alanine, but activity in vitro in the suckling rat is less than 20% of the adult value (Snell & Walker, 1972) , and evidence that this is the case for activity in uivo has been presented (Snell, 1981) . The mechanism in viuo may be related to the high rate of fatty acid oxidation in suckling-rat liver which, together with the greater mitochondrial location of the enzyme at this age, will displace the aminotransferase reaction away from alanine utilization, owing to the unfavourably high NADH/NAD+ ratio ( Fig. 1 ) (Snell, 1981) . With isolated hepatocytes from suckling rats, in contrast with the adult, oleate inhibits gluconeogenesis from alanine (Sly & Walker, 1978) . The apparent increased incorporation from [l4C1alanine into blood glucose in uivo in the suckling rat may be a reflection of extrahepatic metabolism of Fig. 2 . Alanine metabolism in the suckling rat alanine (to lactate and pyruvate), with glucose formation occurring from these precursors (Fig. 2) . Gluconeogenesis from lactate in neonatal hepatocytes is not inhibited by oleate (Sly & Walker, 1978) ; indeed, fatty acid oxidation appears to be essential for gluconeogenesis from lactate in uivo (Pegorier et al., 1977) .
The restriction on the use of amino acids for gluconeogenesis in the suckling rat raises a quantitative problem in terms of the precursor carbon requirement for glucose synthesis Snell, 1981) . The only dietary component present in sufficient amounts to satisfy this requirement is fatty acids. Isocitrate lyase is present in neonatal-rat liver (Snell, 1971) , and a pathway for the conversion of glyoxylate into glucose appears to be operative (Snell, 1974 ). An alternative route of glucose formation from fatty acids via glyoxylate has also been suggested (Rowsell et al., 1972) . These proposals deserve serious consideration.
